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TECHNICAL CHALLENGE 

The primary objectives of electric market and grid operators are to ensure reliable operations and minimize the cost of providing 

electricity by purchasing and delivering this energy source from the lowest-cost generators to customers. However, these 

generators are not always ideally located to service customer needs. As a result, utilities must purchase electricity from higher-

cost generators and/or curtail renewable generation, to levels at which transmission lines do not exceed their thermal limits, 

causing reliability problems and network congestion. Purchasing (or dispatching) more expensive electricity sources due to 

transmission congestion leads to multi-billion dollar congestion costs annually in the United States. Active management of 

transmission and distribution is needed to enable more low-cost renewable generation sources to penetrate the electric market, 

improve grid resiliency and reliability, and reduce electricity costs for end users. 

TECHNICAL OPPORTUNITY 

Today, flows in the electric grid are typically managed by adjusting the power drawn from different generators (i.e. generation 

dispatch) and/or modulating electricity demand (i.e. demand response), assuming for the most part an uncontrollable 

transmission system. Transmission network changes at present are created by switching specific lines in and out of service. 

Network flexibility is usually not exploited in optimizing electricity supplies and demands because the procedures to determine 

good configurations are complex and the analysis and implementation processes are slow. Advances in applied mathematics 

have created new methods for identifying solutions to the network configuration problems in the form of fast optimization 

algorithms that can be implemented with modern computational capabilities.  

INNOVATION DEMONSTRATION 
Boston University’s (BU) topology control technology is designed 

to help grid operators actively manage power flows and integrate 

renewables by switching entire power lines in and out of service 

in coordination with traditional management of generators and 

demand. The topology control technology identifies transmission 

lines to be switched to mitigate network congestion and improve 

system reliability.  

Identifying beneficial reconfigurations in real time is difficult due 

to the complexity of even a moderate-sized utility grid. The BU 

research team has made breakthroughs by drawing on their 

previous academic research in fast, computationally tractable 

algorithms. The team’s topology control technology uses fast 

optimization algorithms taking advantage of sensitivity 

information from the system. Their algorithms identify 

incremental network topology modifications on a time scale that enables their implementation to improve reliability and 

decrease congestion costs.  

Figure 1: Demonstrates the transmission of Boston 
University’s power flow technology 
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BU researchers worked on detailed, operational network models demonstrating the ability to generate solutions on an 

operationally relevant time scale (~5 minutes), the potential to save up to 50% in congestion costs in some systems under 

average historical grid conditions, the ability to reduce renewable curtailments by 40% in a high-renewables scenario, and the 

capability to relieve significant overloads even under peak demand conditions.    

PATHWAY TO ECONOMIC IMPACT 
The BU team has received additional funding from the Massachusetts Clean Energy Commission, and is working to market their 

topology control algorithms (TCA) technology through established consulting entities that have the knowledge and relevant 

personnel to be able to market the TCA systems.   

The team is also working with industry stakeholders to integrate topology control into grid operations decision making, focusing 

first on improving established utility/International Organization for Standardization (ISO) business processes that do not require 

market rule modifications. Aside from market rules, the team will work with industry stakeholders on addressing hurdles to 

topology control, such as multi-party coordination and equipment protection. The team has formed a software company to 

develop the commercial decision support tool. 

LONG-TERM IMPACTS 
The BU team has demonstrated that large-scale topology control is tractable. There are many uses for this type of software (from 

intra-day dispatch to outage coordination to system planning). It remains to be seen what particular application generates 

traction first. Adoption of the topology control technology in some electric grid decision-making processes may require changes 

to the day-ahead and real-time electricity market rules and/or procedures, while other processes already deploy topology 

changes to a limited extent. Market use in these processes may occur first and proceed in parallel with developments in market 

rules and/or procedures.  
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